INTRODUCTION
============

Eosinophilic infiltration of the gallbladder based on histopathologic examination is a rare entity. Cellular infiltrates of the gallbladder comprising 90% eosinophils are classified as eosinophilic cholecystitis (EC) ([Fig. 1](#F1){ref-type="fig"}).[@B1][@B2][@B3] The condition is termed lympho-eosinophilic cholecystitis when the infiltrate is comprised of 50-75% eosinophils along with other inflammatory cells in the gallbladder wall.[@B4][@B5][@B6] EC is a rare form of cholecystitis.[@B7] Since EC was first described in 1949 by Albot et al,[@B8] several case reports have been published in the English literature (\<50 cases). The condition likely represents a subgroup of patients with a unique or hypersensitive type of inflammatory response to altered bile.[@B9]

The etiology of EC is not completely understood, but might be associated with a hypersensitivity to antibiotics, other drugs, herbal medicines, hepatic echinococcosis, or as a variant manifestation of eosinophilic gastroenteritis.[@B1][@B10] The diagnosis of EC is usually made based on histologic studies following cholecystectomy. The purpose of this study was to evaluate the role of peripheral eosinophilia as a predictable factor associated with EC compared with other types of cholecystitis in patients who underwent cholecystectomies.

METHODS
=======

Patients
--------

Between January 2001 and May 2011, 3539 patients underwent cholecystectomies for cholecystitis in the Department of Surgery, Chonnam National University Hospital. Thirty specimens (0.84%) were confirmed pathologically to be EC. EC is defined as eosinophilic infiltration of the gallbladder wall consisting of \>90% eosinophils.[@B2]

Data from 30 consecutive patients with EC (E-group) were compared with a retrospective control group of 60 patients (other cholecystitis group \[O-group\]) during the study period. The patients in the two groups were matched for age, gender, body mass index, the presence of cholelithiasis, jaundice, operative methods, and white blood cell count pre-operatively and 1 day post-operatively. The patients in the E- and O-groups had similar pre-operative assessments and post-operative management.

The clinical presentation (gender, age, and the presence of cholelithiasis), surgical methods, operative findings, histopathologic features, and pre- and post-operative absolute eosinophil count were analyzed retrospectively. Eosinophilia was defined as a condition in which the absolute eosinophil count in the peripheral blood exceeded ≥600 cells/mm^3^.[@B11]

Statistical analysis
--------------------

Summary statistics are reported using mean or median values, and standard deviation or range. The statistical evaluation was carried out using SPSS for Windows (version 17.0; SPSS, Inc., Chicago, IL, USA). A Student\'s *t*-test and Mann-Whitney U-test were used for the mean comparison of continuous variables and for ordinal data, respectively, whereas a chi-squared test and Fisher\'s exact test were used to compare frequencies of categorical variables between the groups. To evaluate predictable factors for EC, a multivariate analysis was carried out by binary logistic multiple regression tests using dummy variable. Significance was defined as a *p*≤0.05.

RESULTS
=======

The clinicopathologic features of patients are summarized in [Table 1](#T1){ref-type="table"}. Additional parameters, such as pre- and post-operative white blood cell count and operative method, were similar between the E- and O-groups.

Clinical findings of patients with EC
-------------------------------------

[Table 1](#T1){ref-type="table"} lists the clinical features of the 30 patients with EC. The patients with EC were comprised of 21 males (70.0%) and 9 females (30.0%) with a median age of 63 years (range: 9-88 years). The mean body mass index (BMI) was 22.9±2.9 kg/m^2^.

The clinical manifestations were not specific for EC. The main presenting complaint was abdominal pain (82.8%) and epigastric discomfort (13.8%). Two patients (6.7%) were asymptomatic.

Cholecystolithiasis (gallbladder stones) and common bile duct stones were noted in 25 (83.3%) and 6 (20.0%) patients, respectively. Three patients (10.0%) had obstructive jaundice based on the pre-operative laboratory examinations ([Table 1](#T1){ref-type="table"}), and 6 patients (20.0%) had pre-operative peripheral eosinophilia ([Table 2](#T2){ref-type="table"}).

Only one of the 30 patients had a positive history for allergies (penicillin). This one case was due to a parasitic infestation (*Clonorchis sinensis*). None of the 30 cases were associated with drug therapy, or other pre-existing medical conditions ([Table 3](#T3){ref-type="table"}).

Comparision of data between the EC and control groups ([Table 2](#T2){ref-type="table"})
----------------------------------------------------------------------------------------

The median pre-operative absolute eosinophil count was 209 cells/mm^3^ (range: 0-1,553 cells/mm^3^) in the E-group and 147 cells/mm^3^ (range: 0-621 cells/mm^3^) in the O-group. The median absolute eosinophil count on post-operative day 1 was 144 cells/mm^3^ (range: 9-801 cells/mm^3^) in E-group and 93 cells/mm^3^ (range: 0-490) in O-group.

In the O-group, only 2 patients (3.3%) had peripheral eosinophilia based on the pre-operative laboratory examinations. On the first post-operative day, no patient (0%) demonstrated peripheral eosinophilia as compared to 2 patients (6.7%) in the E-group.

The median absolute eosinophil count between pre-operative and post-operative day 1 was 72 cells/mm^3^ in the E-group and 65 cells/mm^3^ in the O-group.

Univariate and multivariate analyses for predictable factors associated with EC ([Table 2](#T2){ref-type="table"})
------------------------------------------------------------------------------------------------------------------

Univariate analysis revealed that pre-operative peripheral eosinophilia (*p*=0.015) and the absolute eosinophil count on post-operative day 1 (*p*=0.036) were significant predictable factors associated with EC ([Table 2](#T2){ref-type="table"}).

Multivariate analysis revealed that pre-operative peripheral eosinophilia was an independent predictable factor for EC (odds ratio \[OR\]=7.250, 1.365 \<95% confidence interval \[CI\] \<38.494; *p*=0.020) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

EC is an uncommon form of cholecystitis with an incidence ranging from 0.5-6.5% in cholecystectomy specimens *(2,7,12)*. The incidence of EC was 0.5% in a large review of 625 operative cholecystectomy specimens by Fox *(2)*, and 6.4% in a review of 217 specimens by Dabbs.[@B12] In the present study, EC was diagnosed in 30 of 3539 specimens (0.84%), which is comparable to the results of other reported series.

The etiology of EC is obscure, but the suggested origins include allergies, local diathesis involving gallstones, parasites, acalculous cholecystitis, hypereosinophilic syndrome (HES; in which eosinophils invade tissues, such as the brain, heart, lung, liver, and gallbladder), and eosinophilic gastroenteritis.[@B1][@B3][@B12][@B13][@B14][@B15][@B16][@B17] It has been reported that EC might be associated with hypersensitivity to antibiotics, other drugs, and herbal medicines.[@B1][@B10]

A literature review showed that most patients with EC had an idiopathic etiology.[@B1][@B18] In the present study, only one of the 30 patients had a positive history for allergies (penicillin). This case was due to a parasitic infestation, *Clonorchis sinensis*. Most patients (26 of 30 patients) had idiopathic EC. None of the 30 patients had an association with drug therapy or other pre-existing medical conditions. Therefore, the etiology of EC was not a predictable factor associated with the population for this study.

In addition, EC has a clinical presentation similar to typical cholecystitis with right upper quadrant pain and an elicited Murphy\'s sign. In clinical practice, EC is clinically indistinguishable from the most common form of acute cholecystitis *(2,13)*. Therefore, there is no known specific predictable factor for EC and the diagnosis of EC is based on the histopathology of cholecystectomy specimens. The characteristic histologic features of EC is transmural inflammatory infiltration of the gallbladder wall that is comprised of \>90% eosinophils.[@B1][@B3] Eosinophils are one of the immune system white blood cells components responsible for combating multicellular parasites and infections in vertebrates. Along with mast cells, eosinophils also control the mechanisms associated with allergy and asthma. An increase in eosinophils typically occurs in people with parasite infestation of the intestines, collagen vascular disease (rheumatoid arthritis), malignant disease (Hodgkin\'s disease), extensive skin disease (exfoliative dermatitis), Addison\'s disease, and the use of certain drugs (penicillin).[@B11]

It has been reported that a laboratory examination sometimes reveals peripheral blood eosinophilia in patients with EC.[@B3][@B10][@B15][@B16][@B19][@B20][@B21] Kim[@B1] reported that peripheral eosinophilia occurred in 4 of 15 cases. In contrast, it has been reported that EC has peripheral eosinophilia or specific laboratory features.[@B13][@B22]

In the present study, pre-operative peripheral eosinophilia (≥600 cells/mm^3^) was noted in 6 of the 30 cases (20%) in the E-group. There was a statistically significant difference between the E-group and the O-group (OR=7.250, 1.365 \<95% CI \<38.494; *p*=0.020). Therefore, if patients with cholecystitis have pre-operative peripheral eosinophilia, there is great potential that the subtype of cholecystitis is EC. The pathogenesis and etiology of EC are not well-understood, but the presence of peripheral eosinophilia and abundant eosinophils in the gallbladder wall provide some support that the disease is mediated by a hypersensitivity-type reaction. Although the mechanism for gallbladder recruitment of eosinophils in EC is unknown, Desreumaux et al.[@B23] reported that eosinophil recruitment and activation is induced by cytokines, such as interleukin (IL)-3, granulocyte-macrophage colony-stimulating factor (GM-CSF), and IL-5, in eosinophilic gastroenteris. Therefore, we suggest that further evaluation is necessary for the molecular mechanism predisposing to peripheral eosinophilia and eosinophilic infiltration in patients with EC.

Nevertheless, the results of our study were limited by the non-randomized design, a small number of cases, and the selection bias related to the choice of approach based merely on demographic characteristics. And whether the result of our study is clinically relevant or not remains debatable. Thus, a larger group of patients is necessary to analyze the predictable factors associated with EC.

In summary, EC is a rare entity that is generally found only in cholecystectomy specimens. The etiology is obscure, but involves local and systemic eosinophilic inflammatory reactions. The diagnosis of the EC is usually made based on histologic studies following cholecystectomy. In the present study, pre-operative peripheral eosinophilia (≥600 cells/mm^3^) was found to be a significant predictable factor for EC. Further researches seem to be necessary to confirm this finding.

![Histopathology findings of eosinophilic cholecystitis. (A) Dense infiltration of eosinophils (\[B\] black arrow) involving the gallbladder diffusely in a transmural manner (\>90%), suggesting eosinophilic cholecystitis (A: H&E stain, ×40, B: H&E stain, ×200).](kjhbps-16-65-g001){#F1}

###### Clinical characteristics of patients with cholecystitis (n=90)
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###### Data comparison of the eosinophilic cholecystitis group and other cholecystitis group (n=90)
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###### Features of cases of eosinophilic cholecystitis with allergy or parasite infestation
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###### Multivariate analysis for predictable factors associated with eosinophilic cholecystitis
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